We observe thermalization in the production of a degenerate Fermi gas of polar 40 K 87 Rb molecules. By measuring the atom-dimer elastic scattering cross section near the Feshbach resonance, we show that Feshbach molecules rapidly reach thermal equilibrium with both parent atomic species. Equilibrium is essentially maintained through coherent transfer to the ground state. Sub-Poissonian density fluctuations in Feshbach and ground-state molecules are measured, giving an independent characterization of degeneracy and directly probing the molecular Fermi-Dirac distribution. arXiv:1909.00086v2 [cond-mat.quant-gas] 
Degenerate gases of polar molecules, which exhibit long-range, anisotropic dipole-dipole interactions, open new possibilities for engineering strongly-correlated quantum matter [1] [2] [3] [4] [5] [6] [7] [8] [9] . Heteronuclear molecules have been produced near quantum degeneracy by magnetoassociation of weakly-bound Feshbach molecules followed by coherent optical transfer to the rovibrational ground state [10] [11] [12] [13] [14] [15] [16] [17] . Recently, a degenerate Fermi gas of polar 40 K 87 Rb molecules was realized using this method, starting from a deeply degenerate Bose-Fermi atomic mixture [18] . The degenerate molecules were found to have momentum distributions consistent with thermal equilibrium and exhibited reduced chemical reactivity due to quantum statistics. However, thermalization during the molecule formation process was not directly measured.
Since ground-state KRb is produced in a single quantum state, Fermi statistics precludes direct thermalization in the absence of an external electric field. Therefore, producing degenerate Feshbach molecules is a prerequisite for creating degenerate ground-state molecules. Bosonic Feshbach molecules formed in Fermi-Fermi mixtures are observed to reach thermal equilibrium due to strong atom-dimer and dimer-dimer elastic interactions and fermionic suppression of inelastic processes [19] [20] [21] [22] [23] [24] [25] . For heteronuclear molecules produced from Bose-Fermi mixtures, the situation is more complex. Inelastic bosondimer collisions play a larger role [26] [27] [28] and atomdimer elastic scattering has not been previously measured. Characterizing elastic and inelastic processes in these systems is essential for understanding thermalization dynamics and optimizing the production of a lowentropy sample.
In this Letter, we demonstrate that 40 K 87 Rb Feshbach molecules (KRb*) produced from a degenerate Bose-Fermi mixture rapidly come to thermal equilibrium, and that equilibrium is essentially maintained after coherent transfer to ground-state molecules (KRb). To quantify elastic processes during KRb* formation, we measure the magnitude of the atom-dimer scattering length for K-KRb* and Rb-KRb* collisions as a function of the magnetic bias field. We find that the molecular degeneracy saturates as a function of the magnetoassociation ramp rate, indicating that elastic collisions predominate over inelastic collisions and lead to thermalization. As a direct probe of the state occupation of degenerate molecular samples, we additionally measure sub-Poissonian number fluctuations in KRb* and KRb, a technique previously used to characterize degeneracy and phase transitions in atomic gases [29] [30] [31] [32] [33] [34] . The momentum distribution in time-of-flight (TOF) expansion and the spatial profile of density fluctuations give consistent results for the molecular T /T F , where T F is the Fermi temperature, validating the thermometry of the gas.
We prepare an ultracold mixture of fermionic 40 K in the |F, m F = |9/2, −9/2 hyperfine state and bosonic 87 Rb in the |1, 1 state in a crossed optical dipole trap. The trap frequencies are (ω x , ω y , ω z ) = 2π × (60, 240, 60) Hz for K, and are scaled by factors of 0.72, 0.83, and 0.79 for Rb, KRb*, and KRb, respectively. The trap y-axis and the bias magnetic field B are aligned in the direction of gravity. Feshbach molecules are produced by ramping B through the broad interspecies resonance at B 0 = 546.62 G (3.04 G width) [35] , and can be subsequently transferred to the ground state using stimulated Raman adiabatic passage (STIRAP). Initial atom conditions for optimal molecule production are 5 × 10 5 K at T /T F = 0.1 and 6 × 10 4 Rb at T /T c = 0.5, resulting in 3 × 10 4 KRb molecules at T /T F = 0.3 [18] .
The interplay of atom-atom and atom-dimer elastic and inelastic processes, which depend on the detuning from the Feshbach resonance, leads to a complicated evolution of the K-Rb-KRb* mixture during the Feshbach ramp. Inelastic processes in this system have been previously characterized experimentally [26, 27] . Near the Feshbach resonance, free K and Rb atoms are indistinguishable from the weakly-bound molecular constituents, leading to fermionic suppression of inelastic collisions of KRb* with K and bosonic enhancement of those with Rb. In order to minimize inelastic Rb-KRb* losses, the initial Rb number is chosen so that Rb is no longer condensed after molecule production. After forming molecules, the peak density of K is approximately 10 times larger than Rb, so thermalization of KRb* is expected to occur predominantly through collisions with K. Despite the low Rb density, we expect a small number of Rb-KRb* elastic collisions to occur during the Feshbach ramp; measurements of the Rb-KRb* scattering length are included in the Supplementary Material [36] .
Here, we extract the elastic cross section for K-KRb* scattering as a function of B by measuring the damping of KRb* center-of-mass oscillations due to collisions with K. The damping rate is proportional to the elastic collision rate Γ = nσv rel , where n = 1 NK + 1 N KRb* n K n KRb* d 3 x is the overlap density between the two species, n K (n KRb* ) is the K (KRb*) density distribution, σ is the K-KRb* elastic cross section,
is the average relative velocity between the two species [37] [38] [39] [40] [41] . We assume swave atom-dimer collisions, so that σ = 4πa 2 ad , where a ad is the K-KRb* atom-dimer s-wave scattering length. A universal prediction gives a ad = 1.09a near the Feshbach resonance for the mass ratio m K /m Rb = 0.46, where a is the K-Rb scattering length [42] .
To perform the measurement, we first produce groundstate KRb and remove all of the Rb atoms and a fraction of the K atoms using a combination of microwave pulses and light resonant with the atomic transition. A second STIRAP sequence transfers the molecules back to the Feshbach state, producing a sample of 2 × 10 4 KRb* at T = 300 nK and 1.5 × 10 5 K at T = 600 nK. The timing of the two STIRAP pulses is chosen such that the photon recoil selectively excites a center-of-mass oscillation of KRb* [36] . Next, we ramp to the target B in 0.5 ms, and after a variable hold time image the position of KRb* after 6 ms TOF. Due to the large number imbalance between K and KRb*, no induced motion of K is observed. By fitting the decay of the KRb* oscillations, corrected by a small background damping rate due to trap anharmonicity, we obtain a measurement of the collision rate Γ and extract |a ad | [39] . Since K is initially much hotter than KRb*, KRb* rapidly heats to the temperature of K. Measuring the timescale of this heating gives a consistent measurement of the atom-dimer cross section [36] .
The results are summarized in Fig. 1 , which shows the extracted |a ad | as a function of B − B 0 . We perform measurements in the region
where the average collision energy is lower than the binding energy. Since the collision energy is high at T = 600 nK, we estimate that the maximum observable scattering length in the experiment is on the order of 1/k th = h 2 /2µk B T = 2170 a 0 , where µ is the K-KRb* reduced mass and a 0 is the Bohr radius. To take the momentum dependence of the cross section into account, we fit the measured scattering length to
where c accounts for a possible scaling a ad = ca, and is the only fitting parameter. The best fit gives c = 0.74 (5) . Due to the high collision energy and relatively low atom-atom scattering lengths considered here, we do not necessarily expect that the universal prediction a ad = 1.09a holds [42] . Nonetheless, we measure a large atom-dimer scattering length whose magnitude increases near the resonance. The lower panel of Fig. 1 shows the KRb* oscillations at a field of B = 546.1 G with varying overlap density n. Over nearly a factor of four in n, we extract consistent values of |a ad |. An estimate using our typical atomic and molecular densities and the measured |a ad | suggests more than 6 elastic collisions occur during a 2.1 G/ms Feshbach ramp, enabling thermalization [36] .
Varying the Feshbach ramp rate provides an additional method for probing the balance between elastic and inelastic scattering rates [19] . In the molecule cre- ation process, there is a competition between thermalization, which favors slower ramp rates, and inelastic losses, which are minimized with faster ramp rates. Figure 2 shows the T /T F of the KRb cloud, measured by fitting the shape of the cloud after TOF expansion, as a function of the B ramp rate. For intermediate ramp rates of 0.5-3 G/ms, T /T F reaches a minimum at 0.3. At very slow ramp rates (< 0.5 G/ms), we observe substantial loss from inelastic processes, resulting in a sharp increase in the molecular T /T F . We also observe a gradual rise in T /T F as the ramp time becomes much shorter than the trap oscillation period, while the molecule number remains constant, suggesting that thermalization is hindered for fast ramp speeds.
To confirm that the molecules are in thermal equilibrium, we measure the number fluctuations in the gas as an independent probe of T /T F . Within a subvolume of a classical gas at any temperature, fluctuations are Poissonian, meaning the particle number variance over many experimental repetitions is equal to the mean: σ 2 N /N = 1. In the case of a Fermi gas with T /T F 1, where nearly all states below the Fermi energy are singly occupied, the peak variance is suppressed below the mean by the factor (3/2)T /T F [31] . The quantity σ 2 N /N is therefore directly related to the degeneracy of the sample and provides a local measurement of state occupation.
The T /T F of molecules has so far been measured by fitting the momentum distribution after free expansion. The result is in good agreement with the ratio of the measured temperature and the T F calculated from the molecule number and trap frequencies. One important consideration for thermometry of ground-state molecules is the effect of STIRAP, which uniformly introduces a small number of holes in the KRb state distribution while preserving the shape of the expanded cloud. Here, we validate expansion thermometry by measuring local number fluctuations in degenerate molecular gases, and show that STIRAP has only a small effect on the molecular state occupation even for the lowest temperatures achieved.
We perform measurements of number fluctuations on K, KRb*, and KRb after 6 ms of free expansion. In order to accurately count the molecule number, we adiabatically dissociate the molecules during expansion with a 2.5 G/ms ramp of B before imaging [43] . Sub-Poissonian number fluctuations have not been previously observed in molecules, making characterization of the imaging system and of the data analysis procedure essential. We use measurements on degenerate and non-degenerate K atoms to benchmark the experimental methods against previous studies on atomic Fermi gases [31, 32] . We post-select images to reduce shot-to-shot variation by automatically discarding outliers in total number and temperature, and do not manually exclude any images. Final analysis is performed on 50-60 absorption images of each species. We subdivide the images into bins and fit each to the Fermi-Dirac momentum distribution. Subtracting each fitted profile from the raw optical density profile normalizes against total particle number fluctuations, which would otherwise be the dominant contribution to the variance. By additionally subtracting technical sources of variance-photon shot noise, camera readout noise, and saturation corrections-we obtain the particle number mean and variance for each bin in the set of images. The measured variance is scaled up to account for imaging resolution and depth-of-field effects, using a scaling factor of 2.2 determined from experimental measurements and simulations of non-degenerate K [36] . Finally, we compute σ 2 N /N for each bin across all images and compare it to theoretical predictions in order to extract the average T /T F of the set of images. Figure 3 shows the dependence of number variance on Integrating the particle density in the imaging direction and using the local density approximation, the spatial profile of the variance suppression is given by
where ζ is the peak fugacity, V (x, z) is the optical potential in the imaging plane (scaled by the TOF), and Li i is the polylogarithm function of order i [32] . Since here V (x, z) is harmonic, in situ number fluctuations are preserved in TOF [31] . Figure 4 (a) shows profiles of the mean and variance for each species, obtained in separate experimental runs. The suppression is largest at the center of the gas and is reduced approaching the edges, due to the spatial profile of the trapping potential. Independent measures of T /T F are obtained by (i) fitting the cloud profile in expansion or (ii) fitting the variance suppression to Eq. (2) and extracting ζ. Comparing the T /T F fit from both methods, we find close agreement for all species across a large range of T /T F (Fig. 4(b) ). STIRAP transfers KRb* to KRb with a measured efficiency of 85%, producing a slightly out-of-equilibrium initial KRb distribution and increasing the observed number fluctuations. For KRb* with T /T F = 0.4, the occupation fraction of the lowest-energy state in the trap is approximately 0.77. After the application of STIRAP, treated as a binomial process with uniform conversion efficiency over the entire molecular distribution, the occupation fraction is reduced by 15%. The resulting increase in number fluctuations corresponds to a 17% increase in T /T F [36] . For these conditions, the effect of STIRAP is small since the number of thermal holes is still significant.
When KRb is transferred back to KRb* for imaging, the second STIRAP sequence introduces additional holes; however, since the physical KRb distribution is not affected, this is an imaging artifact and can be corrected. Accounting for the added variance reduces the KRb T /T F extracted from Eq. (2) from 0.49(2) to 0.44 (2) . As shown from the comparison to expansion profile fitting in Fig.  4(b) , the overall effect of STIRAP on the state occupation is minimal.
We have shown that atom-dimer elastic collision processes thermalize Feshbach molecules during conversion and enable the production of a degenerate molecular Fermi gas at equilibrium. Sub-Poissonian density fluctuations measured in degenerate Feshbach and groundstate molecules provide independent thermometry and a consistent picture of thermal equilibrium. In future experiments on polar molecular gases, local measurement of fluctuations could be used as a sensitive probe of manybody correlations.
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ULTRACOLD BOSE-FERMI MIXTURE
The experimental sequence for preparing the K-Rb mixture has been described in [1] . In Ref. [1] , the optical traps crossed at an angle of 45 • ; in the current work, they cross at 90 • . The trap frequencies are (ω x , ω y , ω z ) = 2π × (60, 240, 60) Hz for K, and are scaled by factors of 0.72, 0.83, and 0.79 for Rb, KRb*, and KRb, respectively. The trap y-axis and the bias magnetic field are aligned in the direction of gravity. For the measurement of a ad , absorption imaging is performed along the trap x-axis. For the measurement of fluctuation suppression, absorption imaging is performed along the trap y-axis.
COLLISIONAL DAMPING
For the measurements in this paper, the expected collisional rate satisfies Γ < ∼ ω, where ω is the geometric mean trap frequency. In this regime, the coupled centerof-mass oscillations of K and KRb* are described bÿ
where y is the displacement from the equilibrium position, M = m K + m KRb* , N = N K + N KRb* , Γ = nσv rel is the K-KRb* collision rate, and ω K (ω KRb* ) is the trap frequency in the y-direction for K (KRb*) [2] . The overlap density n between K and KRb* is
where ω K is the geometric mean trap frequency for K, and γ = 0.83 is the ratio between the trap frequencies for K and KRb*. Here we have assumed Boltzmann distributions for both species, since T /T F ≈ 1 for both K and KRb* for the measurement of a ad . The thermallyaveraged relative velocity is
In the experiment, N K /N KRb* ≈ 7.5 and the K is initially stationary. In this limit, the two equations are nearly uncoupled, and we obtain
which gives an exponential damping time τ of
The damping rate from the approximate expression (Eq. (5)) differs from the full solution (Eq. (2)) by less than 3% for our typical experimental parameters. This error is much smaller than the uncertainty on the experimentallymeasured damping time.
In the experiment, we measure the exponential damping rate 1/τ 1 of KRb* in the presence of K. There is additionally a small damping 1/τ 0 due to the anharmonicity of the trap, which we measure by preparing a gas of KRb* without K and exciting the same amplitude of oscillation. Hence, the damping due to elastic collisions with K is 1/τ el = 1/τ 1 − 1/τ 0 . Setting τ = τ el in Eq. (5) gives a measurement of the atom-dimer cross section σ. For the a ad reported in the main text, we assume a momentum-independent σ and calculate a ad = σ/4π.
STIRAP RECOIL-INDUCED OSCILLATIONS
In Ref. [1] , it was noted that the KRb molecules exhibited a large center-of-mass oscillation in the vertical direction after STIRAP, which was attributed to a differential gravitational sag between the atomic and molecular species. To prepare degenerate clouds, a weak vertical lattice was used to suppress this effect.
The two STIRAP beams also propagate along the vertical direction. Since the writing of Ref. [1] , we learned that the KRb oscillation can be primarily attributed to the photon recoil of the STIRAP process given by k STIRAP = 2π/λ 1 − 2π/λ 2 , where λ 1 = 690 nm and λ 2 = 970 nm are the wavelengths of the two Raman lasers. Regardless of the physical origin, adding the weak vertical lattice effectively removes the oscillation.
To measure a ad , we use STIRAP to transfer KRb* to the ground state, remove most of the unpaired atoms, and use STIRAP again to transfer back to the Feshbach state. The weak vertical lattice is not used for this measurement. By changing the timing of the two STIRAP pulses relative to the vertical trap frequency ω y /2π = 190 Hz, the momentum recoils from the two pulses can be made to add up or cancel, giving control over the amplitude of the KRb* oscillation. If the STI-RAP sequences are separated in time by one trap oscillation period, the pulses impart the maximum velocity of v STIRAP = 2hk STIRAP /m KRb = 2.6 mm/s, corresponding to a 15.5 µm oscillation amplitude after 6 ms TOF. This is in reasonable agreement with the experimentallymeasured value of ∼ 21 µm (shown in Fig. 1, lower of main text). Figure 1 shows the amplitude of KRb* oscillations as a function of the delay time between the two STIRAP pulses, showing that the oscillation amplitude can be controlled using this timing.
CROSS-SPECIES THERMALIZATION
In the preparation of the K-KRb* mixture for the oscillation damping experiments, the K temperature is initially much larger than the KRb* temperature. For the correct choice of delay time between the STIRAP pulses, KRb* does not oscillate after the pulses. However, due to the large atom-dimer elastic cross section, KRb* rapidly heats to the temperature of K. The timescale τ of this heating gives an alternative measurement of the elastic collision cross section, according to
where 2.7 is the number of collisions to thermalize for s-wave collisions and ξ = 4m K m KRb* /(m K + m KRb* ) 2 = 0.73 quantifies the efficiency of thermalization between particles of different masses. Figure 2 shows the |a ad | extracted from cross-species thermalization measurements. For comparison, the results are plotted with the |a ad | measured with collisional damping (same data as Fig. 1 of the main text) . The two methods show reasonable agreement. Collisional damping was chosen as the primary technique for measuring |a ad | since the signal-to-noise was better than that of the cross-species thermalization measurements.
Rb-KRb* ELASTIC COLLISIONS
We also measured damping of KRb* dipole oscillations through elastic collisions with Rb. Since Rb is the minority species, the Rb number after making Feshbach molecules is more unstable than the K number, and the measurement suffered from a large uncertainty of the Rb number. This affects the uncertainty of the extracted a Rb-KRb* through the uncertainty of the overlap density n, and introduces a systematic uncertainty since the Rb and KRb* oscillations become more coupled as N Rb and N KRb* become comparable (N Rb /N KRb* varied from 0.25 to 1 for this measurement). Figure 3 shows the extracted Rb-KRb* scattering length |a Rb-KRb* | as a function of magnetic field. The measurements were performed with an overlap density of n = 1.2(6)×10 12 cm −3 , and at a temperature of T = 200 nK. The large error bars are dominated by the uncertainty of the Rb density.
NUMBER OF ELASTIC COLLISIONS
In the main text, we estimate that the Feshbach molecules experience at least 6 elastic collisions per in- 
The upper bound B 0 of the integral in Eq. (7) is the Feshbach resonance position, and the lower bound is the endpoint of the Feshbach ramp. Above, 1/k th = h 2 /2µk B T K F = 2000 a 0 , T K F = 680 nK is the Fermi temperature for K, and c = 0.74 is the best-fit value of the experimental data to the form of Eq. (8) .
The number of elastic collisions is given by
where n is the overlap density
is the average relative velocity, T KRb* F = 220 nK is the Fermi temperature for KRb*, and ∆t is the time spent on the molecular side of the Feshbach resonance during the ramp. We assume a cloud of 5 × 10 5 K atoms at T /T K F = 0.1 and 3 × 10 4 KRb* molecules at T /T KRb* F = 0.3, both at T = 70 nK, which gives an overlap density of n = 1.6 × 10 13 cm −3 . For a typical 5 ms ramp from 555 G to 545.5 G, ∆t = 0.6 ms, and the estimated number of elastic collisions is N el = 5.9. If the average energy per particle 3 4 T F is used in the calculations instead of T F , we extract a slightly higher value of N el = 6.08. This estimate does not include additional effects such as Pauli blocking of K collisions and the state distributions of K and KRb* when the molecules are formed. However, clear evidence of thermalization indicates that sufficiently many elastic collisions occur during the Feshbach ramp.
An upper bound on the number of inelastic collisions can be derived by assuming 100% conversion of Rb to KRb*. Since the observed KRb* number at the end of the Feshbach ramp is ∼ 50% of the initial Rb number [1] , the maximum number of inelastic collisions per KRb* is N inel = 1. However, a small amount of residual Rb is observed at the end of the Feshbach ramp, indicating < 100% Feshbach conversion and suggesting that the true number of inelastic collisions is N inel < 1 and that a small number of Rb-KRb* elastic collisions may contribute to thermalization.
FLUCTUATION MEASUREMENT CONDITIONS
For the measurement of fluctuation suppression, we perform measurements on degenerate samples of K, KRb*, and KRb. For each species, a set of 100-125 absorption images are taken at 6 ms TOF. We use a low probe intensity I/I sat = 0.2 to mitigate saturation effects, and correct the optical density for saturation of the atomic transition using Eq. (10). To reduce shotto-shot variation, only images with total particle number within ±15% of the median number and with fitted fugacity greater than one (T /T F < 0.57) are retained, leaving between 50-60 images of each species for analysis.
In previous experiments on degenerate KRb, typical K conditions were 5 × 10 5 atoms at T /T F = 0.1 [1] . Such samples are too dense to measure particle number with the accuracy needed for this experiment. Therefore, the K conditions used for the fluctuation measurement are less degenerate than those used to create molecules. To create appropriate samples for the fluctuation measurement, we remove Rb atoms, prepare a spin mixture of K in the |F, m F = |9/2, −9/2 and |9/2, −7/2 hyperfine states, and hold the mixture for three seconds to allow thermal equilibration. Varying the optical trap depth and the fraction of K in each spin state allows control over the final atom conditions. Typical K conditions for the measurement on degenerate atoms are 1 × 10 5 atoms at T /T F = 0.2; for the measurement on non-degenerate atoms, typical conditions are 5 × 10 4 atoms at T /T F > 0.6. Typical molecule conditions are 6 × 10 4 of KRb* and KRb at T /T F = 0.45.
NUMBER AND VARIANCE COUNTING
To accurately measure fluctuation suppression, it is essential to calibrate the conversion between particle number and optical density, and to characterize sources of optical density variance external to the actual particle number fluctuations. In absorption imaging, the optical density (OD) is given by
where P s (P l ) is the difference in photon number between the shadow(light) and dark frames. P eff sat = tI eff sat /(hc/λ) is the effective saturation intensity for the imaging system, in units of photon number, for fixed probe time t and imaging wavelength λ. The conversion between optical density (OD) and the atom number N on a single bin is OD = σ eff N/A, where σ eff is the effective imaging cross section and A is the bin area. A single factor α, quantifying the effects of imperfect polarization, imaging laser linewidth, and transmission losses in the imaging system, relates the effective quantities to their bare atomic counterparts: I eff sat = αI sat and σ eff = σ 0 /α. To convert optical density measured in absorption imaging directly to atom number, given the details of the imaging system, the only missing parameter is α [3] .
We measure α by two complementary methods. First, by directly measuring the probe polarization, linewidth, and transmission, we find that the maximum physical absorption cross section is reduced by a factor α = 1.66. Second, we follow the procedure described in Ref. [4] to extract α by imaging the atoms: (i) we take a series of absorption images with fixed atom conditions, varying the probe intensity over a factor of ten between images; (ii) we extract the atom number from the OD using Eq. 10, varying α; and (iii) we choose the α that minimizes the variation of atom number with intensity. By this method, we extract α = 1.7(1), consistent with the direct measurement of the imaging light. For the measurements presented in the main text, we fix α = 1.66.
The variance of the optical density due to the probe light is
The camera has fixed readout noise variance per frame (σ 2 r ), so the variance of each imaging frame is modified to become σ 2 P l/s → σ 2 P l/s + 2σ 2 r , where the factor of two accounts for the readout noise on both the light/shadow and dark frames. Using the fact that the imaging light has Poissonian variance (i.e. σ 2 P /P = 1), this simplifies to
By subtracting these quantities from the total measured optical density variance, the contribution from fluctuating atom number can be isolated:
FINITE BIN SIZE EFFECTS
In the measurement of number fluctuations, each image is divided into many smaller bins, corresponding to an integer number of CCD pixels. Since real imaging systems have finite resolution, the absorption signal from a single particle contributes to the signal measured on multiple adjacent bins. This effect tends to reduce the effective number variance on each bin, since holes in the particle distribution that fluctuate shot-to-shot are averaged across neighboring bins. A similar effect can occur due to particle motion during the imaging pulse; however, this effect is negligible for the probe time (10 µs) and particle mass in this experiment.
For bin sizes much larger than the imaging resolution, the correction becomes negligible. However, using larger bins reduces the total number of bins obtained from each image and makes it more difficult to accumulate statistics. The alternative route of improving the imaging resolution has the downside of reducing the depth-of-field, which broadens the absorption signal from atoms displaced from the focal plane. To balance these effects, we use a bin width of 6.45 µm in the experiment, compared to the imaging resolution of approximately 2.5 µm.
We quantify the scaling of the slope σ 2 N /N by reanalyzing images of non-degenerate K (T /T F > 0.6) using bin widths ranging from 1.29-14.19 µm (Fig. 4) . For a non-degenerate cloud, neglecting resolution effects, the expected slope is determined by Poissonian statistics: σ 2 N /N = 1. Over the range of bin widths, the slope is found to increase from 0.18 to 0.84, with the trend indicating saturation at the Poissonian value. The small size of the cloud prevents the use of larger bin widths for this measurement, but the slope saturating near 20-25 µm would be consistent with previous experiments that observed saturation at approximately 10 times the resolution [5, 6] . For the bin width used in experiment, σ 2 N /N extracted from experimental data was 0.45(4), and therefore all measured variance data was scaled up by a factor of 2.2 to recover the actual particle number variance.
We additionally perform a simulation to verify the experimental results. Using the atom and molecule temperatures recorded in experiment, we generate simulated absorption images by random sampling from the Maxwell- Boltzmann momentum distribution. To approximate resolution and depth-of-field effects, we treat the absorption signal from each particle as a Gaussian beam, with the waist determined by the imaging resolution, and propagate the signal to the imaging plane centered on the cloud. For each simulated image, we bin and analyze the data equivalently to the experimental data, and average over many images. Figure 5 shows example unbinned (top panel) and binned (bottom panel) images. We extract a slope of 0.4 from the simulation, consistent with the experimental measurement.
STIRAP IMAGING VARIANCE
STIRAP sequences are used to convert KRb* to KRb and vice versa. Since STIRAP transfer is 85% efficient, it introduces additional variance into the molecular sample.
This effect can be approximately quantified with a simple statistical model. The peak variance suppression in a subvolume of an atomic or molecular cloud has the form
where σ 2 N and N are the particle number variance and mean, Li i is the polylogarithm function of base i, and ζ is the peak fugacity [7] .
After expansion, each subvolume comprises N k singleparticle states. The probability of occupying each state is given by the Fermi-Dirac occupation number f k . Since the occupation of each state is independent, the distribution of total particle number in the subvolume is the sum of independent binomial random variables over all k states contained in the subvolume:
where Bin(m, p) is the binomial distribution with m trials, each with p probability of success. Assuming that all of the f k are equal, which is valid in the limit of small subvolume size, this simplifies to N ∼ Bin(N k , f k ). (16) In a subvolume with mean particle number N and variance σ 2 N , the values of N k , f k can be written in terms of N , σ 2 N using the mean and variance of the binomial distribution:
Substituting and simplifying according to Eq. (14):
After applying STIRAP, modeled as a binomial process with probability p = 0.85, the modified distribution is
The modified ratio of mean and variance after STIRAP is therefore
